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I. INTRODUCTION AND SYSTEMATIC REVIEW 


In the Ranunculaceae, there are some genera which seem to be of 
interest to study their affinities and morphological features, and the 
writer dealt with a few of those genera in his second paper regarding 
this family (1930, b). In the present paper, the writer is going to 
describe some of the morphological observations on three genera :— 
Anemonopsis, Actaea and Cimicifuga. 

In his classic work, pe Bary (1877, p. 259), included the genera 
Actaea and Cimicifuga among the abnormal Dicotyledons by the charac- 
teristics of the vascular topography of the stem. The irregular arrange- 
ment of the bundles in the stem of these genera gives a monocoty- 
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ledonous appearance, as quoted by Lorsy (1911, p. 566) and others. 
However, the origin and the eourse of the bundles have not hitherto 
been described. Meyer (1884) Marri (1885) and HIımMELBAUR (1913) 
described the histological structure of the stem of these genera, but 
further studies, from other points of view, were scarcely found in the. 
literature. ^ 

The genus Anemonopsis is endemic to Japan, while the genera 
Actaea and Cimicifuga are found distributed rather widely in the 
northern hemisphere (Europe, Asia and North America). These 
genera of the Ranunculaceae seem to be nearly related to one another, 
but on their affinities they were most variously interpreted in the middle 
and later periods of the nineteenth century. Some authors believed 
them to represent the forms which are related rather nearly to the 
Berberidaceae. Before entering into the descriptions, therefore, the 
writer will briefly summarize the various views of the classic authors in 
the following paragraph. 

Anemonopsis SIEB. et Zucc. is monotypic genus, and Anemonopsis 
macrophylla SIEB. et Zucc. was, at first, discovered by SIEBOLD and 
named by ZUCCARINI in 1845. 

The genus Actaea was established by LixwÉ so early as 1753, and 
the genus Cimicifuga was introduced also by him in 1767, but the latter 
genus was often regarded by many authors as a section of Actaea from 
the days of DE CANDOLLE (1821). It is, however, rather usual for it to 
be treated as a distinct genus. 

According to Gray (1848), Actaea and Cimicifuga, together with 
Hydrastis, constitute the Cimicifugeae, the fifth tribe of the Ranuncula- 
ceae. The fifth tribe Actaeeae of LINDLEY (1853) seems somewhat near 
the Cimicifugeae of the above named author, Actaea and Cimicifuga 
being included in it, together with Trautvetteria, Nanthorrhiza, Podo- 
phyllum, etc.; however Anemonopsis was, as one of the additional genera, 
placed near Helleborus, which belongs to his other tribe Helleboreae. 

BgNTHAM and Hooker (1862) gave the systematic position of Actaea 
and Cumicifuga as a subtribe Cimicifugeae of the Helleboreae, in which 
Glaucidium and Hydrastis were also included, but regarding the position 
of Anemonopsis, they gave no decided conclusion. 

Bar~ton (1868) gave, with doubt, the position of Anemonopsis and 
also of Glaucidium in the first tribe Aquilegieae of the Ranunculaceae, 
Actaea was regarded to be near Thalictrum, Clematis, etc., being included 
in the third tribe Clematideae. 


According to the histological studies of MEvER (1884) and MARIÉ 
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(1885), Actaea and Cimicifuga relate to Thalictrum in their structure of 
the stem, and Anemonopsis, according to MARIÉ, to Actaea. 

PrantL (1887) divided the genera of the Helleboreae with the 
actinomorphic flower into two groups, one of which is characterized by 
the existence of the sclérenchymatous ring in the stem, represented by 
Anemonopsis, Actaea, Leptopyrum and Isopyrum. — * 

Hura (1892) stated that Actaea and Xanthorrhiza relate on the one 
hand, through Cimicifuga, to the Helleboreae of the Ranunculaceae, 
and on the other hand, through Paeonia, Glaucidium and Hydrastis to 
the Berberidaceae ; and also that Anemonopsis is nearest to Coptis. 

Derpıno (1899), who attributed the systematic importance chiefly 
to the nectary and the inflorescence characters, grouped ‘the genera 
Cimicifuga, Actaea, Xanthorrhiza, Coptis, Isopyrum and also Hydrastis 
together in the tribe Cimicifugeae. 

ScHRODINGER (1909) discussed the affinities of the tribe Helleboreae 
from the floral-morphological points of view, and concluded that Actaea, 
Cimicifuga and Anemonopsis are most closely related to each other, and 
these somewhat to Coptis and Xanthorrhiza. According to him those 
five genera constitute a special group Cimicifuginae under the Isopyroi- 
deae. This view was quoted by Lorsy (1911). 

Hury (1892), in a revision of the genus Actaea, treated the genus as 
monotypie, other species, which had been described up to his days, being 
considered by him to be the varieties of a single species Actaea spicata L. 
After that time, several new species were described from North America 
by GREENE and others. The genus Cimicifuga contains now about ten 
or more species. Most species of Cimicifuga and Actaea are distributed 
in North America. It is interesting that the monotypic genus Xantho- 
rrhiza, which is considered to be nearest to the above two genera, is 
endemic to North America. 

- In this paper, the following species and varieties were studied, as a 
rule, from the fresh material, but herbarium specimens were often 
consulted when needed. 

Anemonopsis macrophylla Stns. et Zucc., from the Nikko Botanic 


Garden. 
Actaea spicata L. var. nigra WILLD., from Mt. Shirane, Nikko. 
» A. spicata L. var. erythrocarpa Tunoz. (A. erythrocarpa Frscu.), from 
Hokkaido”. 


1) This material was supplied for the writer's study by his colleague Mr. S. AKIYAMA 
of the Hokkaido Imperial University. On this opportunity, the writer desires to express 
his sincere thanks for his kindness. 


416 M. Kumazawa 


Cimicifuga foetida L. var. intermedia ReGen, from the Koishikawa 

and Nikko Botanie Gardens. 

C. foetida L. var. Tschonoskii Marsum. et Nakar, (herbarium speci- 

men). 

C. japonica SPRENG., from the Koishikawa and Nikko Botanic 

Gardens. i 

C. japonica SPRENG. var. biternata Fix. et GAGN. (C. biternata M1Q.), 

from the Koishikawa Botanie Garden. 

Two varieties of Actaca spicata and of C. foetida agree with each 
other in their anatomical and gross morphological characters, except the 
minute features of the floral elements, and this is also the same in 
the case of C. japonica and its variety, except the shape of leaves, so 
that most parts of the following descriptions are given under the specific 
names. 

These species have mostly the same habit with one another, grow- 
ing usually as the undergrowth on the mountain sides or in the 
deciduous forests rich in humus. 


II. MORPHOLOGY or THE AERIAL PARTS 
1. The Stem and the Leaf Attachment 


The external features of all species bear a resemblance to one 
another in some respects. The erect stem is slender and reaches two 
thirds to half a meter or more in height, its top being represented by 
the inflorescence. The diameter in the base of the stem is usually 0.4 — 
0.8 cm., but it is not uncommon for it to reach 1.5 cm. in the extreme 
case of C. foetida. i 

One (Anemonopsis) or two (C. japonica, C. foetida) foliar leaves with 
long petioles occur at the base of the erect stem, except Actaea, which 
has no foliar leaf at the base of the stem. When the plant is too young 
to produce an erect stem, only one foliar leaf appears from the top of 
the rhizome in Anemonopsis and Actaea, or two foliar leaves in C4mici- 
fuga. There are however some abnormal cases in the number of the 
radical foliar leaves; for example, in C. japonica, it varies from one to 
four. 

In Anemonopsis, Actaea and Cimicifuga foetida, the cauline leaves 
are foliar ones with the long petioles, the lower one being more remarka- 
bly vigorous than the higher one. Those petiolate foliar leaves are 
always two in number. Other foliar elements, which attach at the 
higher level of the stem, if there is any, are represented by the reduced 
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bracts in Anemonopsis, or by a few sessile foliar leaves in C. Joetida. 
The cauline leaves of C. japonica are always scaly, three to five in 
number, higher ones being very much reduced and scarcely recogniz- 
able. 

. These radieal and cauline leaves are alternately attached to the 
stem nearly in the 1/2 divergence, but the foliar or scaly leaves at the 
higher level of the stem tend to deviate from the 1/2 divergence, ex- 
hibiting the smaller divergence. This may be due to the influence of 
the inflorescence, whose lateral organs are in smaller divergences. 


2. The Leaf 


The petiole and leaf sheath. These genera exhibit the grandifoliate 
nature, as already shown by WORSDELL (1908); ie. the leaf is compara- 
tively large and the petiole is more dominant than the stem itself. 
These petioles are, in most cases, radial in shape and unifacial in the 
vascular arrangement, but those in the less developed plants or at the 
higher level of an erect stem are often dorsiventral in shape and 
structure. 

Lower cauline leaves have no marked leaf sheathes, except in C. 
Joetida, but other leaves, cauline as well as radical, have well developed 
sheathes. Both lateral margins of a sheath meet with one another 
at the transitional part of the sheath and petiole; and the ventral 
stipules” (Fig. 1; G, H,) are often formed in the radical and cauline 
leaves, as noticed by SCHRÖDINGER (1914, p. 64). In C. japonica, the 
radical leaves have the ligular ventral stipules”; ie. the sheathes are 
provided with a small ligular portion, as shown by Lin Fig. 1, B-D. 
ARBER (1925) maintained among the Monocotyledons that the ligular 
ventral stipules (AnBER's Fig. 124, E, p. 98) are derived from the usual 
stipular wings without ligular formation (ArBER’s Fig. 124, C), by the 
fusion of the neighbouring margins of the two wings with one another 
in front of the petiolar base. Whether the ligular ventral stipules of 
C. japonica were also derived directly from the usual ventral stipules by 
such a process is not certain. 

If ontogenetically observed, the ligular portion is already formed in 
the radical leaves of the youngest seedlings (Fig. 1; C, D), as well in 
those of the adult, but the stipular wings develop in the seedling leaves 


1) The ventral stipule (Ventralstipel) and the ligular ventral stipule (Ligular 
kongenitale Ventralstipel) are the terminologies given by SCHRÖDINGER (1914, p. 8), but 
they were not adopted by Gr.ück (1919, p. 4). 
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less manifestlv than in the adult ones. In one individual of this 


species, the sheath and the stipular wings are better developed in the 
lower radical leaf than in the higher one, which is enveloped by the 


E E & H : 


Fig. 1. Basal parts of the petioles showing the leaf sheathes. A, D, radical 
leaves of the adult of Cimicifuga japonica. C,D, radical leaves of the seedling of 
C. japonica. E, radical leaves of the adult of C. foetida. F, cauline leaf of Actaea 
spicata. G, H, cauline leaves of C. foetida. I,J, cross sections of a seedling petiole 
of C. japonica. I, the middle part of the petiole. J, the base of the petiole. <A, B, 
E, H, lateral view. C, D, F, G, ventral view. B, E, sagittal sections. L, ligular 
portion. S, stipular wing. (enlarged) 
former in the winter bud. Then, in the species mentioned the stipular 
wings seem, to the writer, rather adaptative in occurrence and variable 
in development, while the ligular structure is more hereditary and 
constant than the stipular wings in appearance. 

The occurrence of the ligular formation, except the ochrea tube of 
Trollius and Caltha, seems to be rare among the Ranunculaceae, and it 
has been described in Thalictrum only (SCHRÖDINGER, 1914; p. 64). 

In his study of morphology of the Ranunculaceous leaves, SCHRÖ- 
DINGER (1914; p. 29) concluded that the cyclic lamina and the ventral 
stipule, associated to the cyclic sheath, correlate to the unifacial structure 
ofthe petiole. In the case just mentioned, however, this statement can 
not be generalized 80 far as the seedling petioles are concerned, because 
the leaves of the seedlings of C. japonica have the cyclic sheath with the 
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ligular portion, and their petioles are not unifacial nor radial, but are 
bifacial and dorsiventral (Fig. 1; I, J). 

The lamina. The lamina of these three genera is of the ternate type 
or of its more complicated modifications ; C. japonica, except the variety 
biternata which is usually biternate, is ternate and the simplest among 
the adult plants of those species studied; C. foetida, Actaea and Ane- 
monopsis, is triternate. These types of the lamina seem to be derived 
from a simple palmate type step by step. If ontogenetically observed, 
the lamina of C. japonica shows a simple palmate form with 5 to 7 lobes 
during several years after germination, and then the ternate form 
appears ; In C. japonica var. biternata, the case is the same as in the 
most other varieties of C. japonica, but a biternate form follows after 
ternate one in the later stage of the ontogeny. In most cases, these 
amplifications of the laminar form make their appearance ontogenetical- 
ly in order, but occasionally the simple palmate type occurs after the 
ternate, or the ternate type after the biternate in the leaves from the 
young rhizome. Even in the case of the old rhizome, the juvenile form 
of the lamina is often found on the leaves developed from a small 
axillary bud of the rhizome. Thus it may be assumed, probably 
that the poor nutrition of the axillary bud correlates to the appearance 
of the juvenile form. However, it is interesting that the juvenile form 
of the lamina met with in this case does not represent the earliest 
stage which the ontogeny exhibits, but represents a somewhat later 
stage. For instance, C. foetida has the triternate lamina in the adult 
stage and a simple one with three lobes in the youngest seedling, while 
the juvenile form of the leaf, produced from a small axillary bud of the 
adult rhizome is usually biternate. 

The lamina of the youngest seedling is of three-lobed simple type in 
Anemonopsis, and probably” in Actaea. 

The ontogenetical transformations of the laminar type, from pal- 
mate to ternate, from ternate to biternate, occur quite disconti- 
nuously in Cimicifuga, and there are, in general, no transitional types of 
the segmentation to be found. But the writer found an interesting case of 
a stump of C. japonica var. biternata, which exhibits all of the transitional 
forms of the segmentation from a ternate to a biternate type. Those 
transitional types never appear ontogenetically in regular order, but 
appear at random. The stump is cultivated in the Botanic Garden of 


1) Only seedlings, a few years old after germination, were examined, these in the 
first year of their germination were not obtained. The first foliar leaf of the seedling 
of Actaea was, however, described very briefly by Srerckx (1899, p. 63). 
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Koishikawa, but its origin is not accurately known; it probably was 
transplanted from the neighbourhood of Tokyo. Comparing those leaves 
with each other, it was observed that the lateral leaflet of a ternate leaf 
advances in the further development of the segmentation and becomes 
biternate earlier than the terminal leaflet of the same ternate leaf. 

SCHRÖDINGER (1914; p. 46) described that the leaves of Comacifuga 
show the triacronous differentiation instead of the complex-triacronous 
in the primordial stage; but by the comparative observations just 
described, the biternate leaves of the species differentiate in the complex- 
triacronous mode. 


3. The Flower and the Inflorescence 


A. The Flower 


The works referring to the floral structure of these genera have been 
rather limited in number. Particularly the mutual arrangement of each 
floral element was left undecided by early authors (e.g. EICHLER, 1878 ; 
SCHRÖDINGER, 1909), therefore the writer's attention was drawn to this 
point. Observations were made by the slides of the microtom-sections 
of the floral buds. 

Anemonopsis. The flower of Anemonopsis has nine sepals, which 
are ellipsoidal, 16 mm. long, 10 mm. wide (Fig. 2) The petaloids are 
usually 18 in number, oval in shape, 8— 
9 mm. long, 4-5 mm. wide. Stamens are 
numerous, ovaries about three in number. 
According to SCHRÖDINGER (1909; p. 57), 
the sepals are arranged in the 2/5 diver- 
gence, the stamens probably on 21 series 
of the  parastichies, and there is no 
positional relation between the sepals 
and stamens or petaloids. According to 
the writer’s observation, however, the se- 

Fig. 2. Flower of Anemono- ^ als, petaloids and stamens are spirally 
a dangers, arranged in the same divergence between 
8/21 and 13/34 of a circle. In Fig. 3, the floral elements denoted by 
numerals 1 to 10 represent the sepals, the numerals 11 to 23 denote the 
petaloids, the numerals 24 to 122, the stamens. The 10th member, 
which has the characteristics of the sepal, is not cut in the level shown 
by this figure, due to its adventitiously small size, and can be seen only 
in the lower cross section. The 118th member (stamen) seems to be 
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suppressed, and no traces of the bundles were recognized, but it was 
theoretically shown in the figure. 

In most other 
flowers, nine mem- 
bers from the lst to ° 
the 9th are sepals, 

13 members from 
the 10th to the 22nd 
are petaloids, while 
only in this flower 
here figured, the 
sepals inerease to ten 
in number, the 10th 
member being re- 
presented by a small 
sepal, so that the 
23rd member, the 
outermost stamen, 
becomes petaloid. 
This metamorphosis 


of the 23rd member Fig. 3. Cross section of a flower bud of Anemono- 
is probably due to psis, showing the arrangement of the floral elements 
the compensation to in 13 and 21 series of parastichies (dotted lines). 


g, ovary. Explanations in the text. (x 8) 


the 10th member, 
which is considerably small in size. The occurrence of the 10th mem- 
ber, having the sepal nature, is somewhat interesting, if the deviation of 
this small sepal is considered. This sepal is not regarded as a new 
formation, but is believed to be derived from the petaloid by the 
metamorphosis. Itis usual that the sepal has the petal nature in many 
species of the plants ; however, the contrary, i.e. the case in which the 
petalor petaloid changes to the sepal, as in this case, is not common 
in other Dicotyledons. 

As shown in the figure, all the floral elements, except carpels, are 
arranged on the 21 and 13 parastichies, forming the Fibonacersystem of 
the spiral; the numerals, 1, 9, 4, 12, 7, 2, 10, 5, 13, 8, 5, 11 and 6 denote 
respectively the outermost members of 13 parastichies, and the outer- 
most members of those parastichies, except sepals (1-10), changed to the 
petaloids, as is often found in other Ranunculaceous flowers. 

The ovaries in a flower are usually three, sometimes more, in 
number. In the adult plant, only a few ovaries come usually to 
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maturity; this is due to the suppression ofthe development in their 
early stage. The ovaries do not directly follow the spiral order of the 
stamens. They are constant in the relative position to the mother axis, 
the dorsal side of one ovary among three being adaxialto the mother 
axis where the peduncle attaches. The sepals are also constant in their 

: relative position to the mo- 
ther axis; the second sepal 
is adaxial as in most flowers 
of the Dicotyledons. 

As for the floral vascular 
course, about ten strands go 
from the peduncle up to the 
receptacle. Sepals are tri- or 
multilacunar in their vascular 
origin, while the petaloids 
are, at first, unilacunar and be- 
come three-lobed afterwards. 

Cimicifuga japonica. The 
arrangement of the stamens 
was left undecided by previ- 
ous authors (e.g. SCHRÖDIN- 
GER 1909, p. 57; EICHLER 
1878, p. 172) in the flower of 
Cimicifuga and Actaea. 

The flowers of all the 
varieties and forms studied 
by the writer have five sepals 
and only one petaloid; sta- 
mens are 40 — 50, and ovaries 
1-7 in number. . Sepals are 
arranged spirally, and the 
outer three are very large in 
size, enveloping the inner 
two sepals in the young stage. 
The second sepal (Fig. 4, A, 

Fig.4. Cross sections of the flower buds of numeral 2) is adaxial to the 
C. japonica. A, stamens are arranged in some- axis of the inflorescence as in 


what regular spiral, forming 13 and 8 series of Anemonopsis The petaloid 
parastichies. B, stamens seem to be arranged 


; : À : "ig G is always 
irregularly, without forming any parastichy. (Fig. 4, A, numeral 6) is alw aye 
Explanations in the text. (x 15) opposite to the second sepal. 


ee 
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The ovaries are not constant in their position against the axis of the 
inflorescence. 

To understand the floral diagram of this species, not à small number 
of the flower buds were microtomed and carefully compared with each 
other. In many eases, the fundamental plan, under which the stamens are 
arranged, could not be found or induced with certainty, but the diagram 
shown in Fig. 4, A is considered as typical of them, and other variations 
(Fig. 4, B), whieh eould not be shown in a regular diagram, may be 
modifications of such a typical one. As observed in Fig. 4, five sepals 
are not arranged in 2/5 divergence, but are in the same divergence with 
the stamens and petaloids. All the floral elements, except the ovary, 
seem to occur in the system of Fibonacci-spiral, on 8 and 18 series 
of the parastichies, and the numerals 1, 6, 3, 8, 5, 2, 7 and 4 represent 
respectively the outermost elements of S series of the parastichies. 
Numerals ii O Io 2.5 represent the members on one of these 
parastichies, so that the divergence is between 3/8 and 5/13. Among 
stamens, the outermost one metamorphoses itself to the petaloid which 
was denoted by numeral6. The stamen denoted by numeral 47 seems 
to be suppressed and was filled up by the broken lines in the figure. 

Atthe base of the floral receptacle, two or three vascular strands sup- 
plied in a flower expand laterally, forming an imperfect vascular ring 
with a few gaps. At this level, each of the outer three sepals is spirally 
supplied respectively with a set of the vascular strands which are 
trilacunar in their origin. The inner two sepals and one petaloid are 
characterized by the unilaeunar and three-lobed vascular supply. The 
stamen traces bend quickly outwards, leaving the small gaps or leaving 
no gaps to the floral vascular cylinder. 

The petaloids and the stamens contain the starch grains in their 
epidermis and inner tissue. 

If the flower has a single ovary, the floral vascular strands fuse to 
a strand of a horse-shoe shape at the terminal portion of the flower. This 
fused strand tripartites and enters into a carpel. When several ovaries 
are found in a flower, some numbers of the floral vascular strands come 
together, forming several strands of the xylem, then each xylem strand 
tripartites and enters into each carpel. 

Cimicifuga foetida. The flowers of C. foetida studied, which is 
cultivated in the Koishikawa Botanic Garden, have four sepals, two 
petaloids, 25 — 30 stamens and one or two ovaries. Among the flowers of 
the herbarium material, a case was found in which five petaloids de- 
veloped, besides the four sepals. The diagram of a typical flower was 
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shown in Fig. 5. The numerals 1 to 4 denote the sepals, 5 and 6 petal- 
oids, 7 to 35 stamens, and 33 and 34 denote the stamens which are 
theoretically considered as suppressed ones. In C. japonica, perianths and 
the stamens are arranged in 8 and 13 series of the parastichies, but in 
this species the petaloids and the 
stamens, except sepals, are spirally 
arranged in 7 and 9 series of the 
parastichies ; moreover the spiral 
arrangement is somewhat  ir- 
regular as shown in the figure. 

It is worth mentioning that 
the sepals and stamens are arrang- 
ed on the same Fibonaecisystem 
in C. japonica, while they are not 
so in this species. The second 
sepalis adaxial to the mother axis 
of the inflorescence as in other 
species mentioned above ; the first 
one abaxial, being opposite to the 
former though not exactly. The 
third and fourth ones are nearly 
Fig. 5. Cross section of a flower bud of opposite, and are lateral to the 


x 7 1 "a H L Li 

epee as EN the ee axis of the inflorescence. The 
he displacement of the sepals. Ex- è : 
mianations inet EO angle between the first and the 


second sepals is the greatest and 
is more than 150°, and that between the second and the third sepals is 
the smallest :- about 110°. 

Comparing with C. japonica, it is suggested that the arrangement of 
the floral elements of C. foetida has been derived from that of C. japonica 
in two ways ; ie. by reducing the eight and thirteen parastichies to the 
seven and nine on the one hand, and by reducing the fifth sepal on the 
other hand. Among many flowers, there is a flower whose staminal 
arrangement seems to be nearly similar to that of C. japonica (i.e. 
the type of the 8 and 13 parastichies of the stamens), but even in such 
à case, four sepals are characterized in arrangement as in the normal 
flower shown in Fig. 5; therefore, the special arrangement of the sepals 
seems to be only influenced by the reduction of the fifth sepal, but not 
by the change of the arrangement of stamens. The sepal arrangement 
of this species might be formed by the displacement of the first and the 
third sepals in the direction of the arrows shown in the figure, the 
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second and the fourth ones staying in the original position without 
being displaced. he fifth sepal completely disappears, and a stamen, 
near this place, metamorphosed itself into the petaloid. 

The arrangement of the ovaries and the vascular supply inte every 
floral organ are almost similar to those of C. japonica, except the vascular 
supply to sepals. In the present species, sepals are all unilacunar in 
the vascular origin, and each trace strand becomes three-lobed after- 
wards in the periphery of the receptacle or at the basal part of the 
petaloid. 

Actaea. Most flowers examined have four sepals, but the examples 
with three or five sepals were very rarely found. The stamens in a 
flower are usually 10-25 in number, of which four to six are represented 
by the petaloids. The outer two sepals are larger and are approximately 
opposite to one another, 
being lateral to the axis of 
the mother inflorescence, 
the inner two, one adaxial, 
the other abaxial, are 
smaller in size. 

The arrangement of 
the floral elements are ex- 
traordinarily irregular in 
this genus, and it was 
difficult to know on what 
system the floral elements 
(particularly stamens) are 
arranged. But fortunately 
the author found an ex- 
ample in which the floral 
feature may be somewhat 
comparable to the flower 
of C. japonica figured in 
Fig. 4, A. This flower, 
shown in Fig. 6, A, has, 
exceptionally, five sepals 
and 22 stamens, of which Fig.6. Cross sections of the flower buds-of 


the outer six (numerals B= Actaea. A, an unusual flower of somewhat 


" 2 regular type of the staminal arrangement and 
2 pean po d'en with five sepals. B, usual type with four sepals. 


selves into petaloids. The Stamens are not arranged in regular para- 
staminal ar rangement is stichies. Explanations in the text. ( 17) 
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tolerably irregular, and any regular parastichy is not formed, never- 
theless it seems to be derived from the staminal arrangement shown in 
Fig. 4, A (C. japonica) ; i.e. the sepals and the stamens are considered to 
be arranged on an irregular spiral system modified from the 15 and 
8 series of parastichies of the Fibonacci-system, for Fig. 4, A resembles 
Fig. 6, A in the staminal arrangement. The other flowers of Actaea 
with irregular arrangement, most usualin occurrence, may be derived 
from such a flower. For example, Fig. 6, B represents one of such 
flowers with four sepals. The sepals (numerals 1-4), petaloids 
(numerals 6-9) and stamens (numerals 10, 11, 12,....) seem to be 
arranged somewhat spirally, suggesting much disturbed Fibonacci- 
system, because 8 and 5 series of the irregular parastichies may be 
assumed, although they can not perfectly be connected to each other. 
In some flowers, the arrangement of the stamens are more irregular 
than this. 

The four sepals also are not arranged in the regular divergence. 
The two outer laterals are not accurately opposite to one another, but 
slightly rotate towards the adaxial side ; the inner two, ie. adaxial and 
adaxial ones, are not accurately opposite to one another, and both come 
slightly near one of the laterals. These deviations of the relative arrange- 
ment of the sepals differ somewhat in each flower. In the case of a 
flower with three sepals, the lateral two sepals rotate to the adaxial side 
much more than in the former cases by the compensation of the suppress- 
ed adaxial sepal. 

The irregular arrangement of the stamens above mentioned, may be 
assumed to be caused by the space relation. As observed in Fig. 6, the 
stamens are tolerably confined for the space at the part facing to the 
inner sepals denoted by numerals, 3, 4 or 5. As the result of this, 
some stamens may deviate from the theoretical position of the arrange- : 
ment, or may not develop at all. 

The carpel in a flower is always one in number, and is not constant 
in its direction to the axis of the inflorescence as described by BAILLON 
(1868 , p. 60). 

As for the vaseular behaviour, the bundles are about three in 
number in the peduncle and they increase to four in the receptacle. 
The vascular supplies for the two lateral sepals arise respectively from a 
few points of the receptacular central cylinder as a few different traces 
or from a point as a trace, and the trace divides into three. The inner 
two sepals are respectively provided with a single trace, which afterwards 
divides into three at the base of the sepal. 
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In comparing the floral structure of the three genera mentioned 
with each other, Anemonopsis represents the most primitive type of the 
flower; for all elements, each of which are numerous except ovary, 
are arranged on one Fibonacci-system in many series of the parastichies 
(13 series). In the genera Trollius, Caltha, Helletorus, Callianthemum, 
Adonis” ete., perianths and stamens seem to be arranged on the same 
system of Fibonacci as in Anemonopsis, although the number of 
perianths and stamens and also the divergence of each element are not 
the same in each. These forms of flowers are considered to be the most 
primitive ones among the Ranunculaceae as already interpreted 
(SCHRÖDINGER, 1909, p. 57). 

The flower of C. japonica is more reduced than the above type in 
number of sepals and in the spiral arrangement of stamens, but in this 
species sepals and stamens are spirally arranged in the same divergence 
with stamens in a regular case, but it shows a tendeney that the 
Fibonacei-arrangement tends to be much confused in most flowers. In 
C. foetida, a further reduction may be seen; here the four sepals and the 
stamens also seem to remain spirally although without regular divergence. 
The most irregular arrangement of the floral elements is manifested by 
Actaea, in which sepals and stamens are not arranged in the regular 
system in any specimen, although this irregular arrangement may be 
derived as a modification from the regular Fibonacci-system, which 
forms the 13 and 8 series of parastichies. 


B. Inflorescence 

Anemonopsis. An erect stem has five to six sessile leaves or bracts, 
besides the petiolate cauline leaves. These leaves or bracts are arranged 
apparently in about 1/3 divergence, but if the leaf trace strands are 
studied by cross sections, it would be understood that the midribs of the 
successive leaves come nearly in the 1/2 divergence. Three long lateral 
shoots (secondary inflorescences) usually occur from the higher part of 
the erect stem or the inflorescence. The terminal of the main axis of 
the inflorescence and that of the secondary inflorescences are respectively 
occupied by a single flower with a long peduncle. The first and the 
second bracts on a secondary inflorescence are lateral to the mother 


1) In some of those genera, EICHLER (1878, pp. 169, 171), SCHRÖDINGER (1909, p. 87), 
ete. believed that the sepals are arranged in the 2/5 divergence or in hemicyclic phyllo- 
taxis, but aceording to the writer's observations, they seem to be spirally arranged in 
the same system with stamens, showing the Fibonacci-phyllotaxis instead of the 
hemicyclic one. 
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inflorescence, but are more or less adaxial, and the third one is quite 
abaxial. 

Actaca and Cimicifuga. O. foetida and Actaea have usually the simple 
inflorescence without ramification. These inflorescences are 4—12 cm. 
long, provided with numerous flowers. Each flower has a peduncle of 
2-3 mm. long in C. foetida, and of about 10 mm. in Actaea. The former 
species has three bracts of about 0.5 mm. in length (one Tragblatt, two 
lateral prophylls) at the base of the peduncle. These lateral bracts are 
supplied with no vascular bundle. Actaea has one bract (Tragblatt) 
which, 2mm. long, attaches at the base of the peduncle or at a part of 
the peduncle a little far from its base. 

The inflorescence of C. japonica ramifies at its lower part in well- 
developed plants. Each flower has three bracts as in C. foetida, but has 
no peduncle. ‘The bracts are about 1mm. long and are already lost at 
the time of blooming, but they are provided with a single vascular 
strand, unlike to those of C. foetida. 

The flowers on the inflorescence are 
arranged on the Fibonacci-system with 
several parastichies in Actaea and Cimici- 
fuga, but is usually confused when the 
inflorescence is fully grown. The inflores- 
cence is usually represented by the terminal 
of an erect stem, but sometimes the very 
reduced inflorescence is seen at the axillary 
part of the cauline leaves (scales in C. 
japonica) or ofthe radical ones. This inflores- 
conce is, as a rule, less than 1 cm. in length 
and does not develop any further. 

A stump of C. japonica var. biternata 
cultivated in the Koishikawa Botanic Garden. 
Usually all of the flowers of Cimicifuga and 
Actaea bloom in the basipetal order, while 
in a stump of this variety the flowers of 
the lower part of the flower axis remain 
dormant, and only those at the top of the 
Fig. 7. Inflorescence of flower axis, 2-3mm. in length, bloom in 


C. japonica var. biternala, the ordinary basipetal order every year as 
showing the abı E i 

xo e es e NS " ^ shown in Fig. 7. All flower buds develop 
£ ‚ OL D oo0maing. wpe . . 

planations in the text, Uniformly until the early day of September, 


(x 2/5) and reach 1mm. in diameter without any 
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apparent size variation among them. After the middle of September, 
the flower buds on the top of the inflorescence grow further and bloom 
in October, while those of the lower part stop developing. Between the 
two parts of the inflorescence, (producing respectively the dormant 
and dominant buds), no transitional degree of the bud development can 
be found, as seen in Fig. 9. 

This is a fact somewhat interesting and requires some experimental 
treatments. Then the writer cut offthe top of the inflorescence, about 
9 em. in length, or took offthe flower buds on the top of the inflorescence, 
when all the flower buds are tolerably small in size, their size variation 
being not yet recognized (August 17th, 1930). After just a month, the 
flower buds on the top of the inflorescence became extraordinarily large 
in the ordinary plants, while remaining flower buds of the inflorescence 
treated did not develop at all after the treatment. In the last part of 
October, the flower buds of the treated inflorescences are again examined 
both externally and internally. But by this treatment, the dormant buds 
did not increase their size externally, and none of their floral elements 
differentiated internally to a recognizable extent, although some inflores- 
cences decayed. Then the treated inflorescences now remaining were 
cut off from the mother plant and put into a glass cylinder full of water, 
kept in the green house. On the other hand, some of those treated 
inflorescences cut off from the mother plant were immersed into warm 
water of about 30° for 15 hours, and after that were kept also in the 
green house. These experiments were all in vain in stimulating the 
dormant buds, for the buds never developed any more. 

It is now concluded that the dormant state of the flower buds is 
not disturbed by those usual treatments, which have the influence on 
the nutritive conditions of the flower buds. 


III. DEVELOPMENT oF THE GEOPHILOUS ORGANS 
AND OF THE SEEDLING 


1. Development of the Seedling 


The seeds of all these genera germinate in spring. The cotyledon- 
ary lamina is oval in shape, and the cotyledonary petiole is moderately 
long, not forming the tubular type. In the first year of the germina- 
tion, a few leaves are produced besides the cotyledons ; i.e. one scale and 
one foliar leaf in Anemonopsis (Fig. 8, B; Fig. 9, A), one foliar leaf in 
Actaea, two foliar leaves in Cimicifuga foetida (Fig. 9, D) and C. japonica 
(Fig.9, C). But there are some variations;—for example, in Anemonopsis 
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there are individuals in which the first scale becomes foliar, two foliar 
leaves being seen (Fig. 8, C), or one foliar leaf only is produced (Fig. 9, A). 
In the extreme cases, three leaves are produced, the first and the second 


ARR KR 


Fig. 8. The diagrams, showing the arrangement of the leaves in the first year 
of the germination in Anemonopsis. Black, foliar radical leaves. Shade, scale 
leaves. White, cotyledons. Explanations in the text. 


leaves scaly, the third leaf foliar (Fig. 8, D); or the first leaf scaly, the 
second and the third leaves foliar (Fig. 8, E; Fig. 9, B). In the second 
and the third years of the germination, the seedling produces usually 
two scales (often one in the second year) and a single foliar leaf. After 
several years, three or four scales are produced every year as in the adult. 


- 


A B € D 


Fig. 9. The seedlings in the first year of the germination. A, B, Anemonopsis. 


(A, usual type; B, abnormal type). C, Cimicifuga japonica. D, C. foetida. (ca nat. 
size) 


The seedling of C. japonica does not produce any scale in the first 
year, but produces one or two scales and two foliar leaves in the second 


year. After several years, the scales increase until they are six to eight 
in number. 
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The first year seedlings of C. foetida were studied only in four 
individuals, two of them had three leaves, the first and the third foliar, 
and the second scaly (Fig. 10, A); the other two seedlings had four 
leaves, the first and the third 
scaly, the second and the fourth 
foliar (Fig. 10, B). In both types, 
two foliar leaves are not opposite 
to each other, but are arranged in 
the same orthostichy. It is not 
decided now whether one of both 
types of the seedlings is normal 
or whether both of them are 
abnormal. In the adult plant, 
several scales and two foliar leaves 
are produced every year as in C. 


japonica. Fig. 10. The seedlings of Cimicifuga 

The seedling of Actaea pro- foetida in the first year of their germina- 
duces, as a rule, a single foliar leaf om, Bo S er M 
in the first year, a scale and a hypocotyl. r, adventitious root. f,foliar 
foliar leaf in the second year, two !e8ves or scales. (x8) 
scales and a single foliar leaf in the third year. After several years, 
the scales increase in number as in Cimicifuga. 

Scales and radical leaves are uniformly arranged in the 1/2 diver- 
gence in all seedlings of three genera. The hypocotyl of these genera, 
tolerably long and slender, decays within two or three years after germi- 
nation, and the absorbing function is carried on by the adventitious 
roots which are borne from the cotyledonary or the neighbouring nodes. 
The axillary buds, which are mostly dormant, appear at first in the 
second year, but they do not usually come from the axillary part of the 
foliar leaf. 

The young rhizome becomes horizontal within several years. It 
elongates very steadily, its internodes being short in length; therefore 
the young plant seems difficult to grow sufficiently to produce an erect 
stem during six or seven years after germination. 

After the young rhizome elongates in a few or several years as a 
monopodium, the terminal becomes inactive, and an axillary bud 
elongates, representing a new axis, the terminal of which also ceases to 
elongate after one or several years, and another new axis develops, and 
so on. The mode of the rhizomal elongation will be described in the 


following. 
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2. 'The Rhizome of the Adult Plant 


The adult rhizomes of these genera are rather vigorous, about 1 cm. 
in diameter, sometimes being 2 cm. or more in the extreme case of 
Cimicifuga foetida. They terminate, as a rule, in the erect stems, show- 
ing the sympodial development. Those sympodial rhizomes elongate 
sometimes horizontally in one direction as if they were represented by 
the regular monopodial axis, or ramify sometimes irregularly, showing 
a massive appearance. The rhizome produces successively four to ten 
scaly leaves, and then a few radical foliar leaves and an erect stem with 
inflorescence. Each of those scaly leaves protects respectively an axil- 
lary bud ; one (sometimes two) of the axillary buds is most dominant in 
size, and it elongates in the next year as a sympodial axis with a 
terminal erect stem. 

Under the best conditions, the sympodial rhizomes of C. japonica 
and C. foetida elongate in a tolerably horizontal direction as seen in Fig. 
11, A and Fig. 12. The mode of the ramification was shown by the 
diagram in Fig. 11, B, which shows that, the sympodial axis of the 
rhizome is formed by the regular zigzag-elongation of the axillary 


Fig. 11. Rhizome 'of Cimicifuga japonica, showing the zigzag-elongation. 
A, natural habit, adventitious roots not shown. The sixth and the seventh 
monopodial axes terminate respectively in the erect stems. Mı-Ms, the first 
to eighth monopodial axes. L, foliar leaves. S, erect stem. (ca nat. size) 

B, diagram of the same rhizome. 
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buds. Figs. 11 and 12 show a part of the rhizome selected among many 
rhizomes as representing the most regular zigzag-elongation. Such a 
zigzag-elongation does not necessarily occur in all of the rhizomes of C. 
Japonica and C. foetida, and might be due to the growth in favourable 


1930 1928 


Fig.12. Rhizome of Cimicifuga foetida showing the zig- 
zag-elongation Upper photograph, upper view, showing 
the scars of the erect stems of the successive years. Lower 
photograph, lateral view. (x 1/2) 


conditions. It will only be stated that the rhizomes of these species 
have the tendency to exhibit the zigzag-elongation, and this tendency is 
not yet so stable that it is easily obscured by accidental or unknown 
conditions, e.g. by the space condition in the ground. 

It may be assumed that the zigzag-elongation represents the favour- 
able adaptation of the plants in following respects: 

1) As the sympodial rhizome elongates horizontally in one direc- 
tion, there is no danger of the mutual tangling of each part of the 
rhizome, and the rhizome may be able to occupy a rather wide area of 
the earth surface. 

2) By the characteristic mode of ramification, the rhizome can 
elongate in nearly the same depth in the ground, checked in migrations 
towards the surface of the earth, because the dominant buds, represent- 
ing the sympodial axes, are situate always on the somewhat lower side 
of the horizontal mother rhizome. 

The rhizome of Anemonopsis is not horizontal, but somewhat oblique 
and ramifies often irregularly, and the tendency of the zigzag-elongation 
is not so manifest as Cimicifuga, although a part of the rhizome may 
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often show such a tendency. In Actaea, the mode of the rhizomal 
ramification is tolerably irregular and the rhizome does not, as a rule 
elongate horizontally in one direction, and the regular zigzag feature is 
seldom observed. 

As to the cause of such a regular ramification, the writer can not 
express any opinion in the present paper, for he made no experimental 
studies in this respect. — 

The characteristic ramification is limited solely to the species, in 
which the rhizomes exhibit the 1/2 phyllotaxis and terminate in the aerial 
stems, and further the prophylls and the successive leaves of the lateral 
shoot are lateral to the Tragblatt of the mother shoot. Therefore, 
the examples are often met among Monocotyledons, while among Dico- 
tyledons such a rhizome is not common and is not observed in the allied 
genera of the Ranunculaceae. The author had occasion to observe such 
rhizomes in some families, a few examples of which will be shown here 
for the sake of comparison. 

Fig. 18, C and D show a part of the rhizome of Caulophyllum 
robustum Maxim. (Berberidaceae), exhibiting the sympodial elongation. 
The rhizome produces seven to nine scales every year, and there is a 
tendency to the zigzag-elongation as well in Cimicifuga. But the 
rhizome of this species is not horizontal; it is oblique. It does not 
elongate, as a whole, in one direction, but ramifies often irregularly. 


A B C D 


Fig. 13. Dorsiventral rhizomes. A, B, Panax japonicum C. A. MEYER. 
C, D, Caulophyllum robustum Maxmm. A, C, dorsal view. B, D, ventral 
view. S, erect stem. b, winter bud representing the sympodial axis. (x 2/3) 
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Fig. 18, C and D show only a part, which represents a regular sym- 
podium, cut off from the irregularly ramified oblique rhizomes. 

Fig. 13, A and B show the rhizome of Panax japonicum C. A. MEYER 
(Araliaceae). The rhizome of this species is quite horizontal and is 
always represented by à single sympodium, producing three reduced 
scales and an erect stem every year. The sympodial axis shows the most 
regular zigzag-elongation. The mode of the elongation in this species 
is most regular among the species studied, and it seems to exhibit a 
constant character which is not usually influenced by accidental 
conditions. 

In short, the rhizomes of C. japonica, C. foetida and Anemonopsis 
exhibit more or less manifestly a tendency to the sympodial zigzag-elonga- 
tion under favourable conditions, although the tendency does not become 
a genetic stable character in its appearance, and is easily obscured by 
accidental conditions. Among rather nearly allied genera of the 
Ranunculaceae, this character is found in Caulophyllum robustum of the 
Berberidaceae alone. "Phe characteristics of the elongation, most typical 
and genetically more stable, are seen in Panax japonicum, a species 
systematically remote from both Ranunculaceae and Berberidaceae. 


IV. COURSE oF THE VASCULAR SYSTEM 


In the petioles of the adult foliar leaves (radical and lower cauline 
leaves) of the species now under consideration, the bundles are, as a 
rule, unifacial in arrangement; a few of them are often medullary, 
situated near the ventral side of the petiole, or a strand is found at the 
ventral median part of the petiole. The significance and the behaviour 
of those bundles were, in some degree, studied and discussed by 
ScHRODINGER (1914), and there are no special characteristic features in 
the genera now being discussed, so that the vascular arrangement in the 
petiole and the sheath is not further described here. 

In the genera Actaea and Cimicifuga, the vascular course of the 
erect stem was noticed at first by pe Bary (1877, p. 259), but no further 
study was undertaken. Accordingly, the vascular features in the stem 
being somewhat interesting will be described below. 

Some species examined have the medullary bundles in the aerial 
stem, and their courses were studied by comparing cross sections. The 
materials were often more than half a meter in length, so that great 
numbers of the hand-sections were made successively or with some 
intervals, and they were examined under the demonstration-microscope 
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provided with a PoRRo's tube and drawn with the aid of the ABBE’s 
drawing apparatus. The vascular behaviour described below was under- 
stood by reconstruction from the topography of these cross sections. 
Anemonopsis. In a basal cross section of the erect stem, one circle 
ofthe medullary bundles is seen; these bundles are larger than the 


A B 


Fig. 14. Cross sections of the erect stem of Anemonopsis. A, just below the 
node where the lower petiolate cauline leaf attaches. B, the base of the erect 
stem. In A, black, xylem; dotted, phloem; shade, fibrous arc. In B, the 
strands in black represent those which come down from the lower petiolate 
leaf, the strands in shade from the upper one. The inner circle, the outer- 
most limit of the interfascicular fibrous cylinder. (x6) 


peripheral ones (Fig. 14, B). The erect stem has two petiolate cauline 
leaves as already mentioned. At the node where the upper petiolate 
leaf attaches, more than seven leaf trace strands enter into the stem 
multilacunarily, but some lateral strands combine immediately with 
the common bundles (the type B, see Kumazawa, 1930 a; p. 303), and 
only two laterals run down without connecting to other strands in the 
lower level. These two laterals (lj) and the midrib (mj) do not enter 
into the pith, but stay in the ordinary circle of the bundles in the 
internode below. At the node of the lower leaf, they migrate inwards 
in the inner circle of the bundles, and still descend downwards. The 
lower petiolate leaf sends more than 20 leaf trace strands into the stem ; 
these are denoted by 1 and m, in Fig. 14, A; 1, the lateral leaf trace 
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strands, m,, the midrib. Some small strands connect also immediately 
with other strands, or stay peripherally through the internode, while 
other larger ones enter into the pith and descend to the base of the erect 
stem, without fusing to any bundle. In A, these strands (li and m) 
were drawn in black. As seen in the cross section of the stem base (Fig. 
14, B), almost all of the medullary bundles are represented by the leaf 
trace strands, originated from the two petiolate leaves, while other 
bundles, not originated from the two leaves, are generally small in size, 
and occupy the more peripheral portion of the stem. 

In the upper part of the stem, the bundles, uniform in size, are 
arranged nearly in a single circle. In the node of the inflorescence, a 
strand from the bract and a group of the strands from the peduncle 
come into the vascular circle. The trace strand from the bract is very 
small and does not bend towards the pith, and that from the peduncle 
connects immediately to the strands of the inflorescence on both left 
and right sides of the bract trace, just as observed in the node where an 
axillary shoot attaches, in the case of most usual members of the 
Ranunculaceae, e. g. in Ranunculus. There are no characteristic features 
to be described further in this respect. 

Actaea. The higher cauline leaf supplies multilacunarily five 
strands of the type A and several small ones of the type B to the stem. 
In the lower node, about nine leaf trace 
strands of the type A enter into the stem. 
Those leaf traces do not become medullary 
in any degree except the midribs. Fig. 
15 shows a cross section through the 
lower part of the stem, the midribs alone 
(midrib of the higher leaf, m;; that of the 
lower one, m,) being denoted by abbrevia- 
tions. Besides m, and m, most of the 
larger strands are the leaf trace strands in 
their origin. However, all the bundles, Fig. 15. A cross section of the 
both larger and smaller ones, except the lower part of the stem of Actaea 
midribs, arrange in a single circle, and spicata, showing the vascular 

. N en ; arrangement. mı, ms, midribs 
no typieal medullary bundles are found Wed Ve het (x6) 
in the plants examined by the writer. 

The vascular behaviour in the inflorescence is mostly similar to 
that of C. foetida, and will be described later. 

Cimicifuga foetida. The vascular course in the erect stem was 
examined through four successive internodes. Fig. 16, A is a cross 
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section through the highest part of the erect stem. There are no 
irregularities to be described, because all the bundles are of fairly 
uniform size and are arranged in a single circle. Now for convenience, 
m, and l, m; and l, m, and l, m, and l, denote respectively the leaf 
trace strands (m,-m, the midribs; ll, the laterals) of four successive 
cauline leaves ; m, and L, from the highest leaf and m, and Ll; from the 
lowestleaf. At the highest node examined (the fourth node from the 
bottom), the leaf sends three trace strands (L, my, l) trilacunarily into 
the stem. At the next node below (the third node from the bottom), 
seven leaf trace strands (l, ms) are supplied from the leaf, all of them 
being of the type A. At this node, two bundles denoted by 1, fuse to 
other strands. At the second node from the bottom the midrib of the 
highest leaf, m,, divides laterally into two, and each half fuses with the 
other strand respectively (1/2 m, in Fig. 16, B). ms», the midrib of the 
second leaf from the bottom enters into the gap caused by the dividing 
of m, At this node, the lateral strands of just higher leaf (],) fuse with 
other strands, being denoted by 1;--x in Fig. 16, B. The lateral strands 
of the second leaf (lj) are six in number in the specimen drawn. Fig. 
16, C shows a cross section through the lowest internode. m,, the midrib 
of the lowest leaf, enters into the gap, caused by bifurcation of m,; the 


Fig. 16. Cross sections of the erect stem or inflorescence. of Cimicifuga 
Joetida showing the arrangement of vascular bundles. A, lower part of the 
inflorescence. B, middle part of the stem. C, base of the stem. liis not 
shown in figures Explanations in the text (x7) 
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laterals (lj) are ten in number, although the number of these strands in 
a node is variable in each individual. 

As seen in Fig. 16, C, most of the larger strands are represented by 
the direct continuation of leaf trace strands belonging to the two lower 
cauline leaves, just as in the case of Actaea. All of the bundles arrange 
themselves somewhat irregularly, and the arrangement is more irregular 
compared with that of Actaea, but the typical medullarly bundles are not 
formed. 

The vascular course in the inflorescence will be later described, 
connected with that of C. japonica. 

Cimicifuga japonica. The vascular arrangement of the stem is most 
irregular among the species studied, as shown in Fig. 17, M-P. 

As already mentioned, the cauline leaves are quite reduced to tho 
scales, which may be, in extreme cases, easily overlooked, therefore, 
the trace strands of these scales are quite reduced both in size and in 
number. One or three small bundles enter from the scale into the stem 


Fig. 17. Cross sections of the lower part of the erect stem of MOLIRI 
japonica, showing the vascular arrangement. M, the highest part. P; 
the lowest part. N, O, intervals of the two. ] and m, the traces from 
a scaly leaf. c, cauline bundles. Explanations in the text. (x8) 
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in most cases, but the lowest cauline scale supplies seven strands (m, 
and 1) to the stem, as show in Fig. 17, N. All strands from the scales 
enter usually into the cortex of the stem and descend downwards, occupy- 
ing the peripheral position without bending inwards. But in a few cases, 
only the midrib migrates a little inwards, as seen in Fig. 17 P, mx, (a 
cross section through the lowest internode of the stem). The bundles 
found in the stem are arranged nearly in two irregular circles, those of 
the inner circle being extraordinarily large, those of the outer one, 
extremely small in size. 

While in other species mentioned above, the large bundles, situated 
in the inner circle, are mostly represented by the trace strands from a 
few petiolate leaves of the higher level, it is not the case in this species. 
The irregularity in size and arrangement is visible even in the highest 
part of the stem (Fig. 17, M), so that the origin of the irregularity must 
be traced to the terminal of the stem, i.e. in the inflorescence. 

Fig. 18 presents the cross sections of the middle part of the inflores- 
cence, showing the vascular behaviour from above to below. In his 
classic paper, Weıss (1883, p. 285) reported that the cauline bundles do 
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Fig. 18. Cross sections through the middle part of the inflorescence of 
Cimicifuga japonica, showing the arrangements of vascular bundles. <A, the 
highest part. H, the lowest part. B-G, intervals between the two parts. c, 
cauline bundles. 81-84, the trace bundles from the flowers. aj;-a2, adventitious 
bundles. Explanations in the text. (x12) 
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not occur in the genera Actaea and Cimicifuga, so it was an unexpected 
fact to the writer to find some cauline bundles” in the inflorescence ; 
these cauline bundles, denoted by c in the figure, are the largest in size 
among the bundles observed in a cross section, and are about five in 
number. The strands s,-s, are the bundles coming from the peduncles. 
s, from the highest peduncle, and s, from the lowest one. When 
traced downwards, two small adventitious bundles (à; in B; a, in E) 
depart respectively from the two neighbouring cauline bundles. Just 
in the same level, two bundles (s; in C; s; in F) come also from a 
peduncle into the cortex of the inflorescence horizontally, and fuse to 
the small adventitious bundles just mentioned above, and descend 
downwards, but soon after, they may or may not fuse to a single 
strand, and then fuse to the cauline bundles (s, in C ; s, in E; s in 
H). A trace strand of the bract may often be recognized (m, in G), 
but it soon fuses to the strands from the peduncle. The bundles small 
or large in size, are arranged in a single circle, the large ones are cauline, 
and most of small ones come from the peduncle. 

Five cauline bundles seem to be arranged mutually in the angle of 
1/5 of a circle. Each trace strands from the peduncles (s,-s,) enters 
between the two neighbouring cauline bundles spirally in the divergence 
of 2/5, so far as a part of the inflorescence, shown by the cross sections, 
is concerned. It is usual to find five cauline bundles in the inflores- 
cence, but seven or eight or more cauline bundles were often found. In 
these cases, the vascular strands from each peduncle enter in the 
divergence of 3/7 or 3/8, unlike to the usual case of the 2/5 divergence. 
In the lower level, some of the seven cauline bundles fuse to each other, 
and at last they are reduced to five in number. 

Fig 19 shows the cross sections of the inflorescence through the 
part lower than that shown in Fig. 18. Fig. 17, M-D and Fig. 19, B-L 
are the sections from the same erect stem, cut successively or with 
some intervals. In the part of the inflorescence shown in Fig. 18, the 
lateral organ of the inflorescence is represented by a single flower, while 
in the part shown in Fig. 19, it is represented by the secondary inflores- 
cence provided also with numerous flowers. Each of these secondary 
inflorescences sends two vascular strands into the mother inflorescence, 
just like a single flower. The notations in the figure are the same with 
those of Fig. 18, but the cauline bundles were shown by letters only in 


1) The cauline bundles of this case differ from those of Podophyllum and Diphylleia in 
behaviour (Kumazawa, 1930 b). In the latter case the bundles proper to stem originate 
from the perianth, while in the present case, they come from the top of inflorescence. 
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Fig. 19, L. Comparing two parts of the inflorescence (Figs. 18-19), we 
found differences in the vascular behaviours in the following respects. 
1. The bundles (large and small) of the lower part, are more 
numerous and arranged more irregularly than those of the higher part. 
2. The strands from the secondary inflorescence (s;-s, in Fig, 19) 
are characterized by their large size, unlike to those of the higher part ; 


Fig. 19. Cross sections through the lower part of the inflorescence of 
Cimicifuga japonica, A, the secondary inflorescence. B-L, successive cross 
sections of the main axis of the inflorescence. 84-8,, the trace bundles from 
three secondary inflorescences. asaz adventitious bundles which connects 
respectively to the former bundles. c, cauline bundles (denoted only in L.) 

The sections L shown above and M in Fig. 17 were made from the same 
material with some intervals, (x8) 
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they do not fuse to each other, nor to other strands with in a few 
internodes, descending, as a rule, independently downwards. 

3. In the lower part, the adventitious bundles (a, a, in Fig. 19), 
fuse once to the trace strands of the secondary inflorescence at the node, 
but they often depart again from the fused bundles, and descend inde- 
pendently downwards through a few internodes. This phenomenon is 
not usually observed in the nodes of the higher part. 

4. The traces of the bract (m,-m; in Fig. 19) associated respectively 
with the secondary inflorescence, do not fuse to other bundles im- 
mediately after their entrance into the inflorescence ; in other words they 
are the strands of the type A of the writer in the lower part of the 
inflorescence ; while they, if there is any, fuse, immediately after enter- 
ing, to other bundles in the higher part. 

5. The large bundles are five in number and are all cauline 
bundles in the higher part of the inflorescence, while in the lower part, 
they are more numerous, and are represented both by cauline bundles 
and the trace strands originated from the secondary inflorescence (often 
from a single flower). Therefore, the cauline bundles can not be easily 
distinguished from others in the lower part. 

6. Most of the small bundles are represented by the trace strands 
from the peduncle in the higher part, while in the lower part, small 
bundles are divided into three forms in their origin ; i.e. 1) the traces of 
the bract (m or l in Figs. 17 and 19), 2) the strands which fuse to or 
depart from the bundles originated from the bract or from the secondary 
inflorescence at the node (adventitious bundles, a), and 3) the strands 
which depart quite accidentally from tbe cauline and other bundles in 
the internodes (n in Fig. 19). The small strands of the last category are 
the most common in appearance, but fuse easily to other strands and are 
never constant in their behaviour, being of the slightest significance. 

The five cauline bundles seen in the inflorescence descend down- 
wards to the lower part of the erect stem, situating rather internally, so 
that in the internode of the erect stem (Fig. 17, P), the medullary 
bundles (large bundles) are represented by these cauline bundles and by 
the trace bundles originated from the secondary inflorescence, and they 
are not represented by the leaf traces of the higher leaves in their 
origin, contrary to the expectation. The leaf trace strands stay always 
peripherally (Fig. 17 ; P, 1). 

In an erect stem whose inflorescence has no secondary ramification, 
the vascular behaviour is almost similar to the case described just above. 
But in this case, the vascular strands, originated from the flowers of the 
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lower part of the inflorescence, are comparatively large in size and enter 
rather internally, just as in the case of the strands originated from the 
secondary inflorescence. 

The vascular behaviours in the inflorescences of Actaea and Cimici- 
fuga foetida are, in the fundamental plan, similar to those of C. japonica, 
but there are some points of differences. The cauline bundles are not 
larger in size than other strands (Fig. 20, A, B) which come from the 
flowers, and their behaviour is not quite similar to that of C. japonica. In 
the top of inflorescence of C. foetida, cauline bundles are about five or 

more in number, but 
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the bundles. A, Actaea. B, Cimicifuga foetida. Cauline bundles are PD 
bundles (c) are shown in black. s;-s; trace strands sented by the direct 
from the successive seven flowers; si, those from the continuation of the 


highest one, s;, those from the lowest. (x10) bundles proper in 


the inflorescence, although they may be connected laterally with small 
trace strands originated from the peduncles. At the nodes of the 
cauline leaves, those bundles fuse into the vigorous trace strands of the 
leaves, and their individuality disappears. Most of the bundles found in 
the lower part of the stem, therefore, may be regarded as the common 
bundles, quite unlike to the case of C. japonica. 


V. GENERAL RFMARKS AND DISCUSSION 


Most of the Ranunculaceous plants are characterized by having 
many radical foliar leaves or many cauline leaves, as well as vigorous 
rhizomes or roots as the geophilous organs. There is, however, a group 
of the grandifoliate plants which have the vigorous stem, provided with a 
few cauline leaves and a few or no radical foliar leaves. This is the case 
with the genera now being treated. The plants with such characteristics 
are rather few among the Ranunculaceae, with exception of a few genera 
such as Trautvetteria, but are very common among the Podophyllaceae 
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(Glaucidium, Hydrastis, Podophyllum, Diphylleia) and the herbaceous 
Berberidaceae. 

Although the plants with such external features belong to different 
families, there are many common biological or anatomical characters :— 
namely, the habit of the adult plant, the slow development of the seed- 
ling, the formation of the cotyledonary tube, the development of vigorous 
rhizome and the grandifoliate nature, the decrease of the aerial leaves in 
number, the occurrence of the medullary bundles, the limited geogra- 
phical distribution, unique or a very few species in a genus, and the 
uncertainty of the affinities. Therefore, much interest is attatched to 
the detailed studies on these genera, and the writer studied previously 
(1930 b), four genera, Glaucidiwm, Hydrastis, Podophyllum and Diphylleia, 
and now three genera Anemonopsis, Actaea and Cimicifuga were examined. 

Although these three genera resemble the four genera formerly 
studied in the habit of the adult plants, the grandifoliate nature, the 
decrease of the aerial leaves in number, the slow growth of the seedling 
and the vigorous rhizome, both the groups differ from each other in 
not a few respects, i.e. the former has the radical foliar leaves (except 
Actaea), the ternate or more complicate lamina, the well-developed in- 
florescence, the free cotyledonary petiole, unlike to the latter. The three 
genera also resemble the herbaceous Berberidaceae in their shape of the 
lamina, the mode of ramification of the rhizome (C?micifuga and Ane- 
monopsis to Caulophyllum), and in the histological structure of the stem ; 
nevertheless they deviate, in other respects, from the Berberidaceous 
members as well as from the Podophyllaceae. 

It was suggested by HIMMELBAUR (1913, p. 767) and others that 
those plants now mentioned are nearest to the Berberidaceae, a view 
chiefly supported by the histological structure of the stem. On the 
other hand, the flowers of those genera are most closely related to Trollius 
and Caltha, as shown by ScHRönInGer (1909). The view of HIMMELBAUR 
(1913, p. 767) that the genus Cimicifuga is the mother form of Actaea 
is also supported by the floral comparative study of the present writer. 
Comparing the flowers of these three genera with each other, the flower 
of‘ Anemonopsis, all the floral elements being on the Fibonacci-phyllo- 
taxis, represents the most primitive type, mostly resembling that of 
Trollius and Caltha, and the variations of the floral features in number 
and in arrangement of the elements, are assumed to be derived from the 
flower of Anemonopsis towards that of Actaea or C. foetida through C. 
japonica. As for the floral structure, the stamens of C. japonica are 
usually arranged in the irregular spiral which may be considered to be 
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derived from the regular Fibonaeci-system, forming 18 and 8 series of 
parastichies. It seems, to the writer, that Actaea and Cimicifuga foetida 
might be more reduced forms than C. japonica, because their flowers are 
provided with four sepals, only a single ovary (except in C. foetida var. 
Tschonoskii) and small numbers of the stamens which are very irregular 
in their mutualarrangement. But the two species seem to diverge in two 
different directions, for in C. foetida, the first and the second sepals are 
adaxial and abaxial, the ovary develops to achene, and the erect stem 
has the radical foliar leaves, while in Actaea, the first and the second 
sepals are lateral to the axis of the inflorescence, the ovary has the berry 
nature, and the erect stem has no radical leaves. The latter genus is 
regarded as more separated from the former species C. foetida than 
hitherto believed, and it comes nearest the Podophyllaceae or herbace- 
ous Berberidaceae, particularly regarding the features of the ovary and 
the erect stem without radical foliar leaves. The irregular arrangement 
of the stamens of Actaea and Cimicifuga may be probably derived from 
the Fibonacci-phyllotaxis, and can not be explained by the dédouble- 
ment or fusion, and such an irregular phenomenon is never found in 
the flowers of other Ranunculaceous forms except some species of 
Thalictrum or of a few genera, and seems to be very significant from the 
view point of their affinities. 

As to the vascular behaviour, there are some facts of interest. The 
erect stems of C. foetida and Actaca racemosa were described by DE Bary 
(1877, p. 259) as having the bundles arranged in two or three irregular 
circles, and such an irregular arrangement is also thus described by 
other authors as quite prevalent among these genera. As for A. spicata, 
Santo (1864, p. 230) described that the bundles are arranged regularly, 
while HIMMELBAUR (1913, p. 766, Fig. 14) figured the medullary bundles. 
However, in the species of Actaea and Cimicifuga studied by the writer, 
only C. japonica has such an arrangement in the aerial stem, while 
Actaea spicata and C. foetida have rather regular bundle arrangement. 

In the description of pe Bary, the author names were not associat- 
ed with the plant names; therefore, his “ Actaea racemosa ” can not be 
exactly identified, because there are, according to the Index Kewensis, 
four different species with the same names :—Actaca racemosa GERNERS. 
(=Cimicifuga foetida L.), A. racemosa WALT. (=Trautvetteria palmata 
Fiscu. et Mry.), A. racemosa Gite. (=A. spicata L.) and A. racemosa L. 
(=C. racemosa Nurr.) pk BARY's “ Actaea racemosa ” means probably 
one of the last two. As already mentioned, Japanese Actaca spicata 
examined by the writer has the regular vascular arrangement, and it is 
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highly probable that Actaea racemosa described by pp Bary as showing 
the irregular arrangement of bundles, means Cimicifuga racemosa NUTT., 
instead of Actaea spicata L. This is the American species, having the 
stem with the cauline foliar leaves as C. foetida; its vascular arrangement 
is shown to have the medullary bundles by HtwwERBAUR (1913, p. 766, 
Fig. 13). C. foetida described by pr Bary may probably be the same 
species with Japanese C. foetida, but in the stem of the latter examined 
by the writer, the bundles are not arranged in two or three irregular 
circles, but in somewhat regular circle. If the specific identification is 
correct, this must be due to the difference of the native habitats. 

Usually in the herbaceous species the medullary bundles are large 
in size. If there are some forms of Actaea spicata whose bundles are 
arranged irregularly, forming the medullary bundles, then these medul- 
lary bundles may probably be large in size. Most of the large bundles 
in the stem were leaf trace strands in the Japanese C. foetida and Actaea 
spicata as studied, although the typical medullary bundles do not occur. 
Therefore, if there are some forms of Actaea spicata with typical medullary 
bundles or irregularly arranged bundles in their stem, then their bundles, 
situating most internally, may be assumed to be the leaf trace strands in 
their origin, as believed by pr Bary. 

In C. japonica which has no foliar leaf on the stem, the bundles are 
irregularly arranged in two or three circles, the larger ones more inter- 
nally. In this plant, the larger medullary bundles are not represented 
by the leaf traces, but by the cauline bundles and the bundles originat- 
ed from the lateral organs of the inflorescence (secondary inflorescence 
or single flower), the leaf trace strands being very small in size staying 
peripherally. The medullary bundles of the stem, originated from the 
lateral shoot seem to occur rarely among other plants, and are only 
observed in some genera of Compositae (WORSDELL 1922) and Campanu- 
laceae besides the present species, but in the case of Compositae, the 
medullary bundles are very small in size, unlike to the present example. 

bE Bary divided the irregularly arranged bundles of the abnormal 
Dicotyledons into two groups :- 1) All the strands in the stem are leaf 
traces, which, sometimes, bend towards the pith or come into the 
ordinary circle of the bundles and descend downwards, or sometimes, 
connect irregularly to each other, forming the vascular nets. 2) The 
trace strands arrange in an ordinary circle of the bundles, and the 
cauline ones are medullary. ‘Therefore, the present case of C. japonica 
is not grouped into both of the two categories given by pe Bary. 

It is most suggestive to examine the vascular behaviour in the in- 
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florescences of Cimicifuga and Actaea. Although the vascular behaviour 
in the stem of C. japonica is much different from that of C. foetida and 
Actaea, the vascular course of the inflorescence relates closely to each other 
in these three species, and it is most interesting that the vascular courses 
in the inflorescence is quite unlike to those in the stem of any species. 

In the inflorescence there are, as a rule, five cauline bundles which 
are larger than other bundles in C. japonica, or are nearly similar in 
size to other bundles in C. foetida. In the most typical case, two adven- 
titious bundles are found (Fig. 21, A; a) between the two neighbouring 
cauline bundles. Two traces (Fig. 21, s) from the lateral organs of the 
inflorescence (secondary inflorescence or single flower) fuse to the two 
adventitious strands and descend downwards. The midrib (Fig. 21, m) 
of the bract enters also between two adventitious strands and descends 
independently downwards. Fig. 21, A shows this typical feature, seen 
at the erect stem and the lower part of the inflorescence of C. japonica. 
In this case, the cauline bundles and the trace strands from the lateral 
organs are large and the leaf traces are small in size ; the latter situates 
rather peripherally. 


i 


di Qu 
C D E F G 

Fig. 21. Diagrams of the vascular behaviour in the inflorescence and the 
stem. A, stem or lower part of the inflorescence of Cimicifuga japonica. G, 
lower part of the stem of C. foetida. B,C, E, F, inflorescences of C. foetida. 
D, reduced type in the inflorescence of Actaea. m, midrib of the leaf or bract. 
a, adventitious bundles. s, trace strand from the lateral organ (secondary 
inflorescence or single flower) of the inflorescence. 1, lateral trace strand of 
the leaf, Explanations in the text. 


In the higher part of the inflorescence (Fig. 21, B and C), the two 
adventitious strands become irregular in their courses, often fusing to 
each other or to the cauline bundles, but again they depart always at 
the node where the two trace strands enter into the stem ; the midrib 
fuses also to one of the two trace strands. 

In à more reduced case, the adventitious bundles are slightly differ- 
entiated only at the node (Fig. 21, D), their upper ends being blind. 
The most reduced examples are shown by Fig. 21, E and F, in which the 
adventitious bundles completely disappear. These reductions are seen 
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in the. inflorescence of Cimicifuga and Actaea. These characteristic 
features were not manifestly recognized in Anemonopsis, this is probab- 
ly due to the fact that the inflorescence differentiates less highly than 
that of Actaea or Cimicifuga, and retains still the stem nature. 

‚It is worthy to note that the most reduced strands are the adven- 
titious ones just described, situating between the cauline bundles, and 
that the cauline bundles themselves are never reduced in any case. In 
C. foetida, more than five cauline bundles are also found at the top of 
the inflorescence, but they divide themselves into numerous ones at the 
lower part of the inflorescence, and most of them fuse into the vigorous 
trace strands of the cauline leaves, unlike the case of C. japonica. Fig. 
21 G shows the diagram of this condition at the node of the erect stem. 
The midrib (or lateral strand) of the cauline foliar leaf is very large, 
therefore, the divided cauline bundles descending downwards are fused 
into them and lost their individuality. 

It is then concluded that the two cases of the vascular topography, 
i.e. the ease in which the cauline bundles are dominant, and the case in 
which the leaf traces are most dominant, are not independent of each 
other in their occurrence, and are closely related to each other. The 
more the leaf traces become vigorous, the less the cauline strands 
develop, and the less the leaf or bract traces differentiate, the more the 
cauline strands make their appearance. 

Although the vaseular behaviour is different in the lower part of 
the erect stem in each species, they are quite unique in the inflorescence 
of the different species. "The inflorescence is generally believed to be a 
conservative organ; and the features constant in the inflorescence 
seem to be more primary or more primitive than those found in other 
differentiated or adaptative organs such as the stem. In other words, 
the existence of about five cauline bundles may be the most original or 
primitive feature, and such bundles seem, to the writer, to be phylo- 
genetically older than the trace strands themselves in these genera. 


VI. SUMMARY 


1. Adult plants of the three genera, Anemonopsis, Actaea and 
Cimicifuga, have a few cauline and a few radical foliar leaves with long 
petioles; i.e. Anemonopsis has one radical and two eauline leaves, Actaea 
has two cauline leaves, but no radical foliar leaf, and C. japonica and C. 
foetida have usually two radical leaves ; the latter also with two cauline 
leaves, but the former has scales instead. The phyllotaxis of the stem 


450 M. Kumazawa 


is about 1/2, but the arrangement of the leaf or lateral organs reaches 
1/3 to nearly 13/34 in the inflorescence. 

2. The sympodial rhizomes of Anemonopsis and Cimicifuga have a 
tendency of the zigzag-elongation more or less regularly. Such a 
tendency is also found in Caulophyllum of the Berberidaceae. 

3. Seedlings have the free petioles, and one (Anemonopsis, Actaea) 
or two (Cimicifuga) radical foliar leaves are produced besides scales every 
year. The first leaf of the seedling is often represented by the scales in 
Anemonopsis and C. foetida. The seedling development is very slow. 

4. The foliar leaves are derived phylogenetically or ontogenetically 
from the simple three-lobed palmate type. The transitional process, 
from ternate to biternate type of the lamina, was traced in a stump of 
C. japonica var. biternata. It suggests the complex-triacronous differentia- 
tion. The ligular portion is observed in the radical leaves of C. japonica, 
but never in other allied species. The structure makes its appearance 
from the first leaf of the seedling. 

5 Some experiments were made on the development of the 
inflorescences in a stump of Cimicifuga, which has the characteristic 
habit regarding the mode of blooming. 

6. All the floral elements, except carpels, are arranged on the 
Fibonacci-spiral, forming 21 and 13 parastichies always in Anemono- 
psis, or forming 13 and 8 parastichies quite exceptionally in C. japonica. 
In the flower of C. foetida, petaloids and stamens are also exceptionally 
arranged on 9 and 7 parastichies, while the four sepals do not come on 
this system. ‘he stamens of most usual flowers of Cimicifuga and 
Actaea (particularly of Actaea) seem to be arranged somewhat spirally, 
but never in the Fibonacci-phyllotaxis with constant divergence and 
do not form any theoretically perfect parastichy. Such an irregularity 
is found in a few genera of the Ranunculaceae. 

7. Bo far as the floral structure is concerned, Anemonopsis is of the 
most primitive type, and C. japonica may be derived from it. Actaea 
and C. foetida may be assumed to be derived from C. japonica in two 
different directions. Actaea seems nearer to some herbaceous Berberida- 
ceae than the other two genera, but the three genera, as a whole, may 
equally be distinct from both Podophyllaceae and herbaceous Berberida- 
ceae. 

5. The medullary bundles of the stem are found in Anemonopsis 
and C. japonica, but the typical ones are not in Actaea studied by the 
writer. The medullary or large bundles in the stem of most species are 
represented by the leaf trace strands, while those of C. japonica both by 
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the cauline bundles and the trace strands originated from the single 
flower or the secondary inflorescence, the leaf or bract trace strands 
being on the periphery. 

9. In the inflorescences of Oimicifuga and Actaea, the vascular 
behaviour is unique and differs very much from that of the stem. At 
the top of the inflorescence, about five or more cauline bundles are 
usually found; they are almost constant in their existence, although 
they increase in number in the lower part of the inflorescence of C. 
foetida. Those cauline bundles of C. foetida become obscure, fusing into 
the traces of the cauline leaves, for the petiolate cauline leaves supply 
many vigorous trace strands to the stem. If the vigorous leaf traces 
are not supplied for the stem, the cauline bundles are dominant in size 
and behaviour even at the basal part of the stem, as seen in C. japonica. 
Therefore, the cauline bundles and common bundles which are the 
direct continuation of leaf traces have the complementary relation to 
each other, and the existence of about five cauline bundles seem, to the 
writer, to be the original or primitive feature. 
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Postscript 
T 


After this paper was prepared, the writer received a newly published 
work of M. HIRMER, entitled “ Zur Kenntnis der Schraubenstellung im 
Pflanzenreich " (Planta, Dd. 14, Heft 1. 1931, pp. 132 — 206), in which 
the arrangement of the floral organs of the Compositae and Ranun- 
culaceae was chiefly examined. As regard the latter family, HIRMER 
described from his own and K. ScnórrFNER's observations — although 
ScHOFFNER’s study was not yet published anywhere, his results and 
diagrams were cited in this work — that in Ranunculus, Ficaria, Caltha, 
Helleborus, Trollius, Nigella and Adonis, all of the floral organs are 
arranged on the Fibonacci-system, instead of showing the hemicyclie 
phylletaxis, sepals and petals being arranged neither alternate to nor 
superposing upon each other. 

The writer himself has also observed and briefly pointed out this 
fact among Ranunculaceae in the present paper (p. 427), though de- 
tailed explanations except in three genera under consideration were 
reserved. i 

The Fibonacci-phyllotaxis of the sepals and petals is often 
suggested by the diagrams shown by the previous authors, although 
they did not point out this fact, probably assuming the alternation or 
superposition in the arrangement of these floral elements. Through the 
studies of HIRMER and of the present writer, it is made convincing that 
the hemicyclie phyllotaxis in the sense of previous morphologists should 
be regarded as the Fibonacci-system, at least among the Ranun- 
culaceae. 


II 


In the work most recently published, MAK1No & Nemoto :- Flora of 
Japan. 2nd ed. Nov. 1931, Tokyo, some species discussed in this paper 
were mentioned under different names. The name * Cimicifuga acerina 
Tanaka” was there adopted for the plant hitherto named Cimicifuga 
biternata Mie. or C. japonica SPRENG. var. biternata Fin. et Gaen., 
and the name “ Cimicifuga acerina TANAKA var. obtusiloba NAKAI” 
was used instead of Cimicifuga japonica SPRENG. 

A Japanese plant of Actaea, hitherto called Actaea spicata L. var. 
nigra WILLD., was referred in the work as an oriental species Actaea 
acuminata WALL. 
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